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(54) METHOD OF PRODUCING REDUCED COENZYME Q10 CRYSTALS WITH EXCELLENT 
HANDLING PROPERTIES 



(57) The present invention provides a method of 
producing reduced coenzyme Q^q crystals suitable for 
commercial scale production thereof. 

According to a method of the present invention of 
producing a reduced coenzyme Q^q crystal which com- 
prises a crystallization of reduced coenzyme Q-io in a 
solution of alcohols and/or ketones, reduced coenzyme 



Q^Q crystal excellent in slurry properties and crystalline 
properties maybe obtained. Moreover, an isolation proc- 
ess including a crystal separation or the whole process 
including the isolation process may be minimized and 
simplified. Thus, highly pure reduced coenzyme Q^q 
may be obtained in a high yield. 
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Description 

TECHNICAL FIELD 



5 [0001] The present invention relates to a method of producing a reduced coenzyme Q^o crystal. Reduced coenzyme 
Q,„ shows a higher level of oral absorbability as compared with oxidized coenzyme Q^o and is a compound useful as 
an ingredient in good foods, functional nutritive foods, specific health foods, nutritional supplements, nutrients, dnnks, 
feeds, animal drugs, cosmetics, medicines, remedies, preventive drugs, etc. 

10 BACKGROUND ART 

[00021 Oxidized coenzyme Q,., which is a benzoquinone derivative widely distributed in the biological world, is also 
called vitamin Q because of its vitamin-like function and is an ingredient acting as a nutrient in restoring the cell activity 
that has been weakened to its healthy condition and rejuvenating the body On the other hand, reduced coenzyme 

15 which is derived from oxidized coenzyme Qio by two-electron reduction, is as white crystals as compared with 

oxidized coenzyme Q.. being as orange-colored crystals. Reduced coenzyme and oxidized coenzyme are 
known to be localized in the mitochondrion, lysosome, Golgibody. microsome, peroxisome, and cell membrane, among 
others and Involved, as constituents of the electron transport system, in ATP production and activation, in vivo anti- 
oxidant activity, and membrane slabilizatlon; they are thus substances indispensable for body function maintenance 

20 [0003] It is known that reduced coenzyme Q,o can be prepared by producing coenzyme Qio m the conventional 
manner forexamplebysynthesis.fennentatlon, orextraction from natural products, and concentrating a reduced coen- 
zyme q' o-containing eluate fraction resulting from chromatography (JP-Hei-10-109933-A). On that occasion, as de- 
scribed in the above^jited publication, the chromatographic concentration may be earned out after reduction of oxidized 
coenzyme Q,o contained in the reduced coenzyme Q^o with a reducing agent such as sodium borohydride or sodium 

25 dithionite (sodium hyposulfite), or reduced coenzyme Qio may be prepared by reacting the reducing agent mentioned 
above with an existing highly pure grade of coenzyme Qio (oxidized form). 

[0004] However, the thus-obtained reduced coenzyme Qio cannot always be favorably crystallized without trouble 
but tends to occur as a low-purity crystalline, semisolid, or oily product containing such impurities as oxidized coenzyme 
Q,„ Moreover even when crystallization could be achieved somehow, some troubles are occurred due to its poor 
30 slurry properties, etc. For example, poor slurry fluidity causes stirring trouble or difficulty in brushing away from a 
crystallization container, and poorfilterabillty requires long period of time for crystal separation. Furthermore, solubility 
of reduced coenzyme Qio in various organic solvents tends to behigh and there Is such a problem thatthecrystallization 

yield is not always high. . ■ .. ^ /-, 

[0005] In addition, reduced coenzyme Qio has a characteristic of being readily oxidized into oxidized coenzyme Qio 

35 by molecular oxygen. On a commercial production scale, complete oxygen eliminationisverydifficulttoachieveand. fur- 
themiore fairiy long periods of time are required for individual operations, unlike laboratory scale production, so that 
residual oxygen exerts a great adverse effect. Prolonged time of an isolation process increases the risk of the above- 
mentioned oxidation, and is directly connected with such yield and quality problems as the formation of hardly eliminable 
oxidized coenzyme 0,0 and immixture of the oxidized coenzyme Qio into the product. 

40 [00061 Under such circumstances, it has been strongly desired to establish a crystallization method for improving 
slurry properties and ciystalline properties thereby producing reduced coenzyme Qio with sufficient filterability in a 
high yield and to establish a production method in which an isolation process including a crystal separation or the 
whole process including said isolation process, for producing highly pure reduced coenzyme Qio. are shortened and 
simplified. 



45 



SUMMARY OF THE INVENTION 



[0007] I n view of the foregoing, the present invention has another obj ect to provide an outstanding productionmethod 
for obtaining reduced coenzyme Qio in the foim of crystals whteh is suited for the production thereof on a commercial 

[0008] As a result of intensive investigations to cause good crystal growth of a reduced coenzyme Qio crystal, the 
present inventors found that a reduced coenzyme 0,0 crystal having excellent slurry properties and crystalline prop- 
erties may be obtained in a high yield by crystallizing reduced coenzyme Qio from an solution of an alcohol and/or a 
ketone, thereby completed the present invention. 
55 [0009] Thus, the present invention relates to a method of producing reduced coenzyme Qio crystals 

which comprises crystallizing reduced coenzyme Qio in a solution of an alcohol and/or a ketone. 
[001 0] Furthermore, the present invention relates to the above-mentioned method 

wherein reduced coenzyme Qio is crystallized from a solution an alcohol and/or a ketone containing reduced 
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coenzyme 0^0 obtainable by reducing oxidized coenzyme Q^o into reduced coenzyme Q^q ^ solution of an alcohol 
and/or ketone. 

[0011] According to the method of the present invention, it becomes possible to shorten and simplify the isolation 
process including a crystal separation or the whole process including said isolation process, and thus, highly pure 
5 reduced coenzyme Q-,o can be obtained in a high yield. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] Hereafter, the present invention is described in detail. 
10 [001 3] First of all, the method of producing a reduced coenzyme Q^o crystal, i.e., the method of crystallizing reduced 
coenzyme Q^q is explained. 

[001 4] The method for producing a reduced coenzyme Q^q crystal of the present invention is to crystallize reduced 
coenzyme 0^0 ^rom an alcohol and/or ketone solution. Preferably an alcohol is used. 

[001 5] . Reduced coenzyme 0^0 used for crystallization may be obtained by conventional methods such as synthesis, 
15 fermentation or extraction from a natural product. Preferably it is obtained by reducing oxidized coenzyme 0^0 con- 
tained in reduced coenzyme O^o, or by reducing oxidized coenzyme Q.,o, and more preferably it is obtained by using 
the reduction reaction of the present invention described below. 

[0016] Although the crystallization method of the present invention Is applicable to a source containing oxidized 
coenzyme Qio at a relatively high ratio, it is especially effective for highly pure reduced coenzyme Q^o prepared by 

20 the reduction method mentioned below, etc. In the practice of the invention, it is very effective to purify and crystallize 
reduced 'coenzyme Q.,o with simultaneous removal of impurities contained in the reaction mixture or extract obtained 
in the conventional manner or produced by the above-mentioned reduction method or the like. On that occasion, the 
impurities shouldpreferablybe eliminated into the mother liquor. This makes it possible to remove coexisting impurities, 
in particular analogous compounds having a similar structure and generally not always easy to remove (specifically 

25 reduced coenzyme Qg, reduced coenzyme Qg, reduced coenzyme Qy, etc.). Alcohols and/or ketones are particularly 
effective solvents for removing the compounds having similar structures as mentioned above. Needless to say it is 
very effective to utilize the method as a method of recrystallizing reduced coenzyme Q^q crystals. 
[0017] The most preferable mode of the present invention is a direct isolation method (one-pot method) which com- 
prises crystallizing (preferably purifying and crystallizing) reduced coenzyme Q^q from a solution obtained by reducing 

30 oxidized coenzyme O^o into reduced coenzyme Q^q in a solution of an alcohol and/or a ketone (preferably an alcohol). 
Herewith, high-quality crystals having good properties may be obtained at a high yield in a quite simple and efficient 
manner 

[001 8] The alcohols may be used for the present invention are not particulariy restricted but may be cyclic or acyclic, 
or saturated or unsaturated. Saturated ones are preferred, however For example, as a monohydric alcohol, there may 

35 be mentioned one containing 1 to 20 carbon atoms, preferably 1 to 12 cartDon atoms, more preferably 1 to 6 cartDon 
atoms, still more preferably 1 to 5 carbon atoms, and most preferably 1 to 3 carbon atoms. Most preferred is a mono- 
hydric ateohol containing 2 or 3 carbon atoms. Moreover, a dihydric alcohol containing 2 to 5 cartDon atoms, preferably 
containing 2 to 3 carbon atoms, and a trihydric alcohol containing 3 carbon atoms, etc. may be also preferably used. 
Among the above, a monohydric alcohol containing 1 to 5 carbon atoms have high miscibility with water, and is pref- 

40 erably used when used as a mixed solvent with water. 

[0019] As the monohydric alcohol, there may be mentioned, for example, methanol, ethanol, 1 -propanol, 2-propanol, 

1- butanol, 2-butanol, isobutyl alcohol, tert-butyt alcohol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol iso- 
pentyl alcohoL tert-pentyl alcohol, 3-methyl-2-butanol, neopentyl alcohol, 1-hexanol, 2-methy I- 1-pentanol, 4-methyl- 

2- pentanol, 2-ethyl-1-butanol, 1-heptanol, 2-heptanol, 3-heptanol, 1-octanol, 2-octanol, 2-ethy I- 1-hexanol, 1-nonanol, 
45 1-decanoM-undecanol, 1-dodecanol, allyl alcohol, propargyl alcohol, benzyl alcohol, cyclohexanol, 1-methylcyclohex- 

anol, 2-methylcyclohexanol, 3-methylcyclohexanol, 4-methylcyclohexanol, etc. 

[0020] Preferred are melhanol ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, isobutyl alcohol, tert-butyl al- 
cohol, 1-pentanol, 2-pentanol. 3-pentanol, 2-methyl-1-butanol, isopentyl alcohol, tert-pentyl alcohol, 3-methyl-2-buta- 
nol, neopentyl alcohol, 1-hexanol, 2-methyl- 1-pentanol. 4-methyl-2-pentanol. 2-ethyl-1-butanol and cyclohexanol. 

so More prefen^ed are methanol, ethanol, 1 -propanol, 2-propanol, 1-butanol, 2-butanol, isobutyl alcohol, tert-butyl alcohol, 
1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, isopentyl alcohol, tert-pentyl alcohol, 3-methyl-2-butano! and 
neopentyl alcohol. Still more preferred are methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, isobutyl 
alcohol, 2-methyl-1-butanol and isopentyl alcohol. Furtherprefen'ed are methanol, ethanol, 1-propanol and 2-propanol, 
particularly preferred are ethanol, 1-propanol and 2-propanol, and most preferred is ethanol, 

55 [0021] As the dihydric alcohol, there may be mentioned, for example, 1 .2-ethanediol, 1 ,2-propandiol, 1 ,3-propandiol. 
1 .2-butanediol, 1 ,3-butanediol, 1 ,4-butanediol, 2.3-butanediol. 1,5-pentanediol, etc. Preferred are 1. 2-ethanediol, 
1 ,2-propandiol and 1,3-propandiol. and most preferred is 1 , 2-ethanediol. 
[0022] As the trihydric alcohol, glycerol, etc. may be preferably used, for example. 
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[0023] The ketones are not particularly restricted, and ones having 3 to 6 carbon atonis are preferably used. As 
specific exannples, there may be mentioned, for example, acetone, methyl ethyl ketone, methyl butyl ketone, methyl 
isobutyi ketone, etc. Preferred are acetone andmethyl ethyl ketone, andmost preferred is acetone. 
[0024] The method of crystallization is not particularly restricted and the crystallization is carried out by utilizing at 

5 least one of the cooling crystallization, concentration crystallization, solvent substitution crystallization and othermeth- 
ods. The solubility of reduced coenzyme Q^q in alcohols and/or ketones shows very preferable temperature depend- 
ency, which suitably contributes to favorably reduce the amount of reduced coenzyme Q^o In solution and convert the 
same into a crystalline state in a high yield. For exhibiting this characteristic to the utmost extent, it is particularlypre- 
ferred to utilize the cooling crystallization method, or a combination of the cooling crystallization method with some 

10 other method of crystallization. 

[0025] The crystallization concentration is an important factor and, as the concentration at the time of completion of 
crystallization, when expressed in terms of the weight of reduced coenzyme Q^q based on the weight of the crystalli- 
zation solvent at the time of completion of crystallization , It is preferably not higher than about 1 5 w/w%, more preferably 
not higher than about 13 w/w%, still more preferably not higher than 10 w/w%. By maintaining such a concentration 

15 as mentioned above, it becomes possible to favorably cany out the crystallization in a manner adapted to the handling 
properties on an industrial scale. From the productivity viewpoint, the lower limit to the crystallization concentration is 
generally not lower than about 1 w/w%, preferably not lower than about 2 w/w%. 

[0026] The above-mentioned crystallization Is preferably canied out under forced flowing. For preventing the state 
of supersaturation from occurring and thereby allowing the nucleation and crystal growth to proceed smoothly and, 

20 furthermore, from the viewpoint of obtaining high-quality products, the flowing is generally brought about by a stirring 
power per unit volume of not weaker than about 0.01 kW/m^, preferably not weaker than about 0.1 kW/m^, and more 
preferably not weaker than about 0.3 kW/m^. The forced flowing is generally provided by the turning of a stirring blade 
(s). However, the use of a stirring blade (s) is not always necessary if the above flowing can be otherwise obtained. 
For example, it is possible to utilize a method based on liquid circulation. 

25 [0027] In carrying out the crystallization, seed crystals are preferably added so that the state of supersaturation may 
be prevented from occurring and the nucleation and crystal growth may be allowed to proceed smoothly. 
[0028] The crystallization temperature (the cooling temperature in the step of crystallization) is not particularly re- 
stricted, but from the yield viewpoint, it is preferably not higher than 25''C, more preferably not higher than 20*'C, still 
more preferably not higher than 15°C, and particularly preferably not higher than 1 0*'C. The lower limit is the solidifi- 

30 cation temperature of the system. Thus, the crystallization can be advantageously earned out generally at a cooling 
temperature of preferably about O^C to 25*'C. 

[0029] In the process of crystallization, it is preferable to control the fomnation of supersaturation by controlling the 
amount of crystals crystallizing out per unit time. Apreferred rate of crystallization per unit time is, for example, not 
higher than the rate of crystallization which causes crystallization of about 50%, per unit time, of the whole amount of 
35 crystals to be obtained (i.e. at most 50%/hour), preferably not higher than the rate of crystallization which causes 
crystallization of about 25%, per unit time, of the whole amount of crystals to be obtained (i.e. at most 25%/hour). The 
rate of cooling In the crystallization by cooling is generally not higher than about 40<»C/hour, and preferably not higher 
than about 20*C/hour. 

[0030] In the crystallization method of the present invention, generally, it Is preferable to use the above-mentioned 
40 solvents in view of the slurry properties and crystalline properties obtainable by crystallization, but other solvents except 
for the above alcohols and/or ketones may coexist or may be added. 

[0031] The other solvents are not particularly restricted, but for example, hydrocarbons, fatty acid esters, ethers, 
fatty acids, nitrogen-containing compounds (including nitriles and amides), sulfur-containing compounds, water, etc. 
may be mentioned. 

45 [0032] As the hydrocarbons, fatty add esters, ethers andnltriles, the solvents mentioned below may be preferably 
used as a solvent for the reduction reaction. 

[0033] As the fatty acids, there may be mentioned, for example, fonnic acid, acetic acid, propionic acid, etc. Preferred 
are formic acid and acetic acid, and most preferred is acetic acid. 

[0034] As nitrogen-containing compounds other than nitriles, there may be mentioned, for example, nitromethane, 
50 triethylamine, pyridine, fonnamide, N-methylfomnamide, N.N-dimethylfomnamide, N,N-dlmethylacetoamide, N-methyl- 
pyrrolidone, etc. 

[0035] As the sulfur-containing compounds, for example, dimethyl sulfoxide, sulfolane, etc. may be mentioned. 
[0036] It is effective to use these other solvents with the alcohol and/or ketone solution mentioned above at a pref- 
erable ratio according to characteristics of these solvents in order to improve conditions detemnining crystallization 
55 conditions such as solubility, crystallization concentration, yield, slurry properties and crystalline properties of reduced 
coenzyme Q^q- 

[0037] Among the other solvents mentioned above, water is particularly preferably used in view of obtaining high 
yield by suitably decreasing the solubility of reduced coenzyme Q^q, improving the slurry properties, and what is par- 
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ticularly to be noted, significantly innproving solid-liquid dt&solubility (filterability). 

[0038] The ratio of these other solvents and the above-mentioned alcohols and/or ketones depends on the solvent 
species and thus cannot be absolutely specified, and is not particularly restricted provided that it is a solvent'comprising 
the above-mentioned alcohols and/or ketones substantially as a main component. Preferably, the ratio of the above 
5 alcohols and/or ketones in the solvent is about 80 w/w% or more as the sum total of alcohols and ketones, more 
preferably about 90 w/w% or more, still more preferably about 93 w/w% or more. 

[0039] In particular, when water is used as an auxiliary solvent in view of the improvement of the solid liquid dissol- 
ubility mentioned above, the lower limit of the ratio of the above alcohols and/or ketones In a solvent is about 90 w/ 
w% or more, preferably about 91 w/w*;<> or more, more preferably about 92 w/w7o or more, and still more preferably 

10 about 93 w/w% or more. The upper limit is about 99.5 w/w% or less^ preferably about 99 w/w% or less, more preferably 
about 98 w/w% or less, and still more preferably about 97 w/w% or less. Generally, the range between about 90 w/w 
% and about 99.5 w/w% is preferable, and the range between about 93 w/w % and about 97 w/w% is most preferable. 
[0040] Preferably, the thus-obtained crystals of reduced coenzyme Q^q can be recovered as a wet product, for ex- 
ample, by such a solid-liquid separation technique as centrif ugation, pressure filtration, or vacuum filtration, if necessary 

15 followed by cake washing using the solvents described in the present inventions including the above-mentioned alco- 
hols or ketones. They can be recovered also as a dry product by further charging the wet product in a reduced pressure 
drier (vacuum drier) internally purged with an Inert gas and drying the same under reduced pressure. The recovery in 
a dry forni is preferred. 

[0041] It is effective to carry out the production method of the present invention in a deoxygenaled atmosphere in 

20 view of protection from oxidation. The deoxygenated atmosphere can be attained by substitution with an inert gas, 
pressure reduction, boiling, or a combination of.these. It is. preferable to carry out at least the substitution with an inert 
gas, namely to use an inert gas atmosphere. As the inert gas, there may be mentioned, for example, nitrogen gas, 
helium gas, argon gas, hydrogen gas, and carbon dioxide gas. Nitrogen gas is prefen-ed, however. 
[0042] Next, a method for synthesizing reduced coenzyme Q^q suitably used in the present invention, i.e., a reaction 

25 for reducing oxidized coenzyme Q^q 'nto reduced coenzyme Q^q is described. 

[0043] As mentioned above, the above reduction reaction is preferably carried out in the solution of an alcohol and/ 
or a ketone described in the above crystallization method and subjected to the direct isolation method (one-pot method). 
Thereby, the operations may be simplified and shortened to minimize oxidation by molecular oxygen. In this case, 
ascorbic acid and a related compound thereof mentioned below are the particularly preferable reducing agents. 

30 [0044] Moreover, it is also preferable to use a solvent having high protection effect from oxidation to carry out the 
above-mentioned reduction reaction and/or extraction and water-washing operation (s) in order to protect reduced 
coenzyme Qio from oxidation by molecular oxygen even when the operation time is prolonged. 
[0045] As such solvent having high protection effect from oxidation, it is preferable to use at least one species selected 
from hydrocarbons, fatty acid esters, ethers and nitriles, and most preferably hydrocarbons. 

35 [0046] The hydrocarbons are not particularly restricted, but there may be mentioned, for example, aliphatic hydro- 
carbons, aromatic hydrocarbons, halogenated hydrocarbons, etc. Preferred are aliphatic hydrocarbons and aromatic 
hydrocarbons, and more preferred are aliphatic hydrocarbons. 

[0047] The aliphatic hydrocartDons are not particularly restricted, and may be cyclic or acyclic, or saturated or un- 
saturated. However, generally they contain 3 to 20 carbon atoms, and preferably 5 to 12 carbon atoms. 

40 [0048] As specific examples, there may be mentioned, for example, propane, butane, isobutane, pentane, 2-meth- 
ylbutane, cyclopentane, 2-pentene, hexane, 2-methylpentane, 2,2-dimethylbutane, 2,3-dimethylbutane, methylcy- 
clopentane. cyclohexane, 1-hexene, cyclohexene, heptane, 2-methylhexane, 3-methylhexane, 2,3-dlmethylpentane, 
2,4-dlmethylpentane, methylcyclohexane, 1-heptene, octane, 2,2,3-trimethylpentane, isooctane, ethylcyclohexane, 
1-octene, nonane, 2,2,5-trimethylhexane, 1-nonene, decane, 1-decene, p-menthane, undecane, dodecane, etc. 

45 [0049] Among them, saturated aliphatic hydrocarbons having 5 to 8 carbon atoms are more prefen-ed, andprefera- 
blyusedarepentane, 2-methylbutane and cyclopentane, which have 5 cartDon atoms (referred to as "pentanes"); hex- 
ane, 2-melhylpentane, 2,2-dimethylbutane, 2,3-dimelhylbulane. methylcyclopentane, cyclohexane, which have 6 car- 
bon atoms (referred to as "hexanes"); heptane, 2-methylhexane, 3-methylhexane, 2,3-dimethylpentane, 2,4-dimeth- 
ylpentane, methylcyclohexane, which have 7 carbon atoms (referred to as "heptanes"); octane, 2,2,3-trimethylpentane, 

so isooctane, ethylcyclohexane. whch have 8 carbon atoms (referred to as octanes); and a mixture of these. In particular, 
the above heptanes are particulariy prefen-ed since theyhave a tendency to show a very high protection effect against 
oxidization, and heptane is most preferred. 

[0050] The aromatic hydrocarbons are not particularly restricted, but generally they contain 6 to 20 carbon atoms, 
preferably 6 to 12 carbon atoms, and more preferably 7 to 10 cariDon atoms. As specific examples, there may be 
55 mentioned, for example, benzene, toluene, xylene, o-xylene, m-xylene, p-xylene, ethylbenzene. cumene, mesitylene, 
tetralin, butylbenzene, p-cymene. cyclohexylbenzene, diethylbenzene, pentylbenzene. dipentylbenzene, dodecylben- 
zene, styrene, etc. Preferred are toluene, xylene, o-xylene, m-xylene, p-xylene, ethylbenzene, cumene, mesitylene, 
tetralin, butylbenzene, p-cymene, cyclohexylbenzene, diethylbenzene and pentylbenzene. More preferred are toluene, 
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xylene o-xylene, m-xylene, p-xylene,cumene and tetralin, and most preferred is cumene. . 
[0051] The halogenated hydrocarbons are not particularly restricted, and may be cyclic or acyclic or saturated or 
unsaturated. However, acyclic halogenated hydrocarbons are preferably used. More preferred are chlorinated hydro- 
carbons and fluorinated hydrocarbons, and chlorinated hydrocarbons are still more preferred. Additionally, ones con- 
5 taining 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms, andmore preferably 1 to 2 carbon atoms are used. 

r00521 AS specific examples, for example, there may be mentioned dichloromethane. chlorofomi, carbon tetrachlo- 
ride, 1,1-dichloroethane. 1 ,2-dichloroethane. 1.1,1-trichloroethane. 1.1.2-trichloroethane, 1 1,1 2-tetrachloroetharj^ ■ 
1 1 2 2-tetrachloroethane, pentachloroethane. hexachloroethane, l.1-dichloroethylene. 1,2-dchloroethylene trchlo- 
roeihylene, tetrachloroethylene, 1 .2-dichloropropane, 1 ,2.3-trichloropropane. chlorobenzene, 1.1.1.2-tetrafluor- 

foOSSr' Preferred are dichloromethane, chloroform, carbon tetrachloride, 1,1-dichloroethane, 1 ,2-dichloroethane. 
1 1 1-trichloroethane. 1 .1 .2-trichloroethane. 1,1-dichloroethylene. 1 ,2-dichloroethylene. trichloroethylene. chloroben- 
zene and 1,1,1,2-tetrafluoroethane. More preferred are dichloromethane, chloroform. 1,2-dichloroethylene. tnchlo- 
roethylene. chlorobenzene and 1,1,1 ,2-tetrafluoroethane. 
15 [00541 The fatty acid esters are not particularly restricted, but there may be mentioned, for example, propionates, 
acetates, fomiates. etc. Preferred are acetates and fomiates, and more preferred are acetates. Ester functional groups 
thereof are not particularly restricted, but alkyi esters having 1 to 8 cartjon atoms, aralkyi esters having 1 to 8 carbon 
atoms, preferred are alkyI esters having 1 to 6 carbon atoms, and more preferred are alkyl esters having 1 to 4 carbon 

20 fo055] ^'As^the propionates, there may be mentioned, for example, methyl propionate, ethyl propionate, butyl propi- 
onate, isopentyl propionate, etc. Preferred is ethyl propionate. 

[0056] As the acetates , there may be mentioned, for example, methyl acetate, ethyl acetate, propyl acetate, isopropyl 
acetate butyl acetate, isobutyl acetate, sec-butyl acetate, pentyl acetate, isopentyl acetate, seo-hexyl acetate cy- 
clohexyl acetate, benzyl acetate, etc. Preferred are methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate 
25 butyl acetate, isobutyl acetate, secbutyl acetate, pentyl acetate, isopentyl acetate, sec-hexyl acetate and cyclohexy 
acetate. More preferred are methyl acetate, ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate and isobutyl 

acetate. Most preferred is ethyl acetate. 

[0057] As the fomiates, there may be mentioned, for example, methyl formate, ethyl formate, propyl forniate. iso- 
propyl formate, butyl formate, isobutyl formate, sec-butyl formate, pentyl fomnate, etc. Preferred are methy fomiate. 
ethyl fomiate, propyl formate, butyl fomiate. isobutyl formate and pentyl fonnate. and most preferred is ethyl formate. 
[0058] The ethers are not particularly restricted, and may be cyclic or acyclic, or saturated or unsaturated. But sat- 
urated ones are preferably used. Generally, ones containing 3 to 20 carbon atoms, and preferably 4 to 1 2 carbon atoms 
and more preferably 4 to 8 carbon atoms are used. . ._ ^- i 

[0059] As specific examples, there may be mentioned, for example, diethyl ether, methyl tert-buty ether d.propy 
ether diisopropyl ether, dibutyl ether, dihexyl ether ethyl vinyl ether, butyl vinyl ether, aniso . pheneto e, butyl phenyl 
ether methoxytoluene. dioxane. f uran, 2-methylfuran, tetrahydrof uran, tetrahydropyran. ethylene glyco dimethyl ether 
ethylene glycol diethyl ether, ethylene glycol dibutyl ether, ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether ethylene qlycol monobutyl ether, etc. ^ ^.^ , ^. 

[0060] Preferred are diethyl ether, methyl tert-butyl ether, dipropyl ether, diisopropyl ether, dibutyl ether, dihexyl ethe , 
40 anisol phenetole,butylphenylether.methoxytoluene, dioxane, 2-methylfuran, tetrahydrofuran. 

ene glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol dibutyl ether, ethylene glycol monomethyl ether 
and ethylene glycol monoethyl ether. More preferred are diethyl ether, methyl tert-butyl ether, anisol. dioxane tetrahy- 
drofuran ethylene glycol monomethyl ether and ethylene glycol monoethyl ether. More preferred are diethyl ether, 
methyl tert-butyl ether, anisol, etc., and most prefen-ed is methyl tert-butyl ether. 
45 [0061 ] The nitriles are not particularly restricted, and may be cyclic or acyclic, or saturated or unsaturated However, 
saturated ones are preferabty used. Generally, ones containing 2 to 20 carbon atoms, preferably 2 to 12 carbon atoms, 
and more preferably 2 to 8 carbon atoms are used. » , ^ 

[0062] As specific examples, there may be mentioned, for example, acetonitrile. propiononitnle. malononitrile. buty- 
ronitrile isobutyronitrile, succinonitrile, valeronitrile, glutaronitrile. hexanenrtrile, heptylcyanide. octylcyanide, unde- 
50 canenitrile, dodecanenitrile, tridecanenitrile, pentadecanenitrile. stearonitrile. chloroacetonitrile, bromoace onrtri e. 
chloropropiononitrile. bromopropiononitrile. methoxyacetonitrile. methyl cyanoacetate. ethyl cyanoacetate to unitn e. 
benzonitrile, chlorobonzonitrile. bromobenzonitrile, cyanobenzoic acid, nitrobenzonitrile, anisomtnle. phtha^onitri e. 
bromotolunitrile, methyl cyanobenzoate, methoxybenzonltrile. acetylbenzonitrile. naphthonitrile, b.pheny carbon.tnle, 
phenylpropiononitrile, phenylbutyronitrile, methylphenylacetonitrile, diphenylacetonitrile, naphthylacetonitnle nitroph- 
55 enylacetonitrile. chlorobenzylcyanide, cyclopropanecarbonitrile, cyclohexanecarbonitrile. cycloheptanecarbon.trile, 

phenylcyclohexanecarbonitrile, tolylcyclohexanecarbonitrile. etc. 

[0063] Preferred are acetonitrile. propiononitrile, butyronitrile. isobutyronitrile, succinonitrile, valeronitnle, chloropro- 
piononitrile. methyl cyanoacetate. ethyl cyanoacetate. tolunitrile and benzonitrile. More preferred are acetonitnle. pro- 
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piononitrile, butyronitrlle and isobutyronitrile, and most preferred is acetonitrile. 

[0064] In selecting the solvent to be used from among the solvents mentioned above, such properties as boiling 
point and viscosity are preferably taken into consideration: for example, the solvent should have a boiling point which 
allows appropriate wanning for increasing the solubility and facilitates a solvent removal from wet masses by drying 

5 and solvent recovery from crystallization filtrates (about 30 to 150'C at 1 atmosphere), a melting point such that so- 
lidification hardly occurs In handling at room temperature as well as upon cooling to room temperature or below (not 
higher than about 20°C. preferably not higher than about 10**C, still more preferably not higher than about O'^C), and 
a low viscosity (not higher than about 1 0 cp at 20°C). From the industrial operation viewpoint, a solvent which is scarcely 
volatile at ordinary temperature is preferred; for example, one having a boiling point of not lower than about 80**C is 

10 preferred, and one having a boiling point of not lower than about 90°C is more preferred. 

[0065] Reduced coenzyme O^q, when In a dissolved state, tends to become more resistant to oxidation as the con- 
centration thereof increases. Reduced coenzyme Q^q "S highly soluble in the solvents mentioned above and, in this 
respect, too, the above solvents are suitable for the protection from oxidation. The concentration of reduced coenzyme 
Qio which is preferred from the viewpoint of protection thereof from oxidation may vary depending on the solvent 

15 species, among others, hence cannot be absolutely specified. Generally, however, the concentration of reduced coen- 
zyme in the above solvents is generally not lower than 1 w/w%, and preferably not lower than 2 w/w%. The upper 
limit Is not particularly restricted but, from the practical operability viewpoint, It is 400 \n/w% or below, preferably 200 
w/w% or below, more preferably 1 00 w/w% or below, and still more preferably 50 w/w% or below. 
[0066] Accordingly, unfavorable side reactions by oxygen may be minimized by the use of the above-mentioned 

20 solvent through the whole process of the reduction reaction. 

[0067] The reduction reaction may be carried out using, as the reducing agent, a metal hydride compound, iron 
(metallic iron or iron in a salt form), zinc (metallic zinc), hyposulfurous acid or a salt thereof , or ascorbic acid or a related 
compound thereof, for instance. 

[0068] Moreover, the reduction using a metal hydride compound, iron (metallic iron or iron in a salt fonn), zinc (metallic 

25 zinc), or hyposulfurous acid or a salt thereof is preferably carried out in the above-mentioned solvent with high oxidation- 
protective effect. Furthemnore, the reduction using ascorbic acid or a related compound thereof may be can-ied out 
using various solvents such as alcohols and/or ketones, as well as the above-mentioned solvent having high protection 
effectfrom oxidation, but preferably carried out using an alcohol (especially preferred is an alcohol having highmiscibility 
with water), an ether having high miscibility with water, a nitrile having high miscibllity with water, and a ketone having 

30 high miscibllity with water. 

[0069] The metal hydride compound is not particularly restricted but includes, among others, sodium borohydride 
and lithium aluminum hydride. The amount to be used of the metal hydride compound may vary depending on the 
species thereof, hence cannot be absolutely specified. Generally, however, the reduction can be favorably carried out 
by using It in an amount of 1 to 3 times theoretical hydrogen equivalent. 

35 [0070] The reduction using iron or zinc is generally carried out using an acid. The acid is not particularly restricted 
but includes, among others, fatty acids such as acetic acid, sulfonic acids such as methanesulfonic acid, and inorganic 
acids such as hydrochloric acid and sulfuric acid. Inorganic acids are prefen^ed, and sulfuric acid is more preferred. 
[0071] The amount of iron to be used is not particulariy restricted but, for example, an amount of about 1/5 by weight 
or larger based on the charged weight of oxidized coenzyme Q^q is appropriate for carrying out the reaction. The upper 

40 limit Is not particularly restricted but, from the economical viewpoint, it is about^twice the weight of the above charged 
weight or lower. Iron may be used not only in the fomri of metallic iron but also in the fomi of a salt, for example iron 
(II) sulfate, etc. 

[0072] The amount of zinc to be used Is not particularly restricted but, for example, an amount of about 1/10 by 
weight or larger based on the charged weight of oxidized coenzyme Q^o «s appropriate for carrying out the reaction. 
45 The upper limit is not particularly restricted but, from the economical viewpoint, it is about twice the weight of the above 
charged weight or lower. 

[0073] The hyposulfurous acid or a salt thereof is not particularly restricted but a salt fonn of hyposulfurous acid is 
generally used. The salt of hyposulfurous acid Is not particularly restricted but includes, as preferred species, alkali 
metal salts, alkaline earth metal salts, ammonium salt and the like. Alkali metal salts such as the lithium salt, sodium 

50 salt, and potassium salt are more preferred, and the sodium salt is most preferred. The amount to be used of the 
hyposulfurous acid or salt Is not particulariy restrteted but it is generally not smaller than about 1/5 by weight, preferably 
not smaller than about 2/5 by weight, and more preferably not smaller than about 3/5 by weight, based on the charged 
weight of oxidized coenzyme Q^q- Larger amounts may be used without causing any particular trouble. From the eco- 
nomical viewpoint, however, the amount to be employed is not larger than about twice the weight of the above-men- 

55 tioned charged weight, preferably not larger than the charged weight. Thus, the reaction can be more favorably carried 
out with employing an amount within the range of about 2/5 by weight of the above-mentioned charge to a weight 
roughly equal to that of the charged weight. 

[0074] The ascorbic acid or a related compound thereof are not particularly restricted, and Include, for example, not 
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only ascorbic acid, but also rhamno-ascorbic acid, arabo-ascorbic acid, gluco-ascorbic acid, fuco-ascorbic acid, glu- 
cohepto-ascorbic acid, xylo-ascorbic acid, galacto-ascorbic acid, gulo-ascorbic acid, allo-ascorbic acid, erythro- ascor- 
bic acid, 6-desoxyascorbic acid, andthe lil<e related compounds, and may be ester fonns or salts of these. Furthermore, 
these may be L-form, D-form or racemic fomri. More specifically, there may be mentioned, for example, L-ascorbic acid, 

5 L-ascorbyl palmitate, L-ascorbyl stearate, D-arabo-ascorbicacid, etc. In producing the reduced coenzyme Q-,o, any of 
the above-mentioned ascorbic acid and related compounds thereof maybe suitably used. However, the water-soluble 
ones are suitably used in particular among the above-mentioned ascorbic acid or related compounds thereof In view 
of separatability with the generated reduced coenzyme Q^o> And most preferred Is a free form of L-ascorbic acid, 
D-arabo-ascorbic acid and the like in view of the ready availability, price, etc. 

10 [0075] The amount to be used of the ascorbic acid or a related compound thereof mentioned above Is not particularly 
restricted but may be an amount effective in converting oxidized coenzyme Q-,q into reduced coenzyme Q-jq- Generally 
it is not smaller than 1 mole, preferably not smaller than 1 . 2 moles, permole of oxidized coenzyme Q^q- "^^^ upper 
limit is not particularly restricted but, from the economical viewpoint, it is generally not higher than 10 moles, preferably 
not higher than 5 moles, and more preferably not higher than 3 moles, per mole of the oxidized coenzyme Q^o- 

15 [0076] Among the reducing agent species mentioned above, zinc, hyposulfurous acid and salts thereof, and ascorbic 
acid and related compounds thereof are preferred from the viewpoint of reducing ability, yield and/or quality, among 
others, and, In particular, hyposulfurous acid (specifically hyposulfurous acid salts) and ascorbic acid or related com- 
pounds thereof are preferred. 

[0077] In carrying out the reduction reaction, water and/or an alcohol are/is suitably used singly or in combination. 
20 Water is preferred in particular when iron, zinc, or hyposulfurous acid or a salt thereof is used as the reducing agent. 
When a metal hydride compound is used as the reducing agent, an alcohol can be used in combination. The combined 
use of water and an alcohol exhibits the characteristics of both water and the alcohol, and contributes to improvements 
in reaction rate and yield, among others. 

[0078] In the following, a preferred method of reduction is described in detail. 

25 [0079] The reduction using hyposulfurous acid or a salt thereof is preferably carried out using water in combination, 
namely In a mixed solvent system composed of at least one organic solvent selected from among the above-mentioned 
hydrocarbons, fattyacid esters, ethers, and nitriles (preferably hydrocariDons, more preferably aliphatic hydrocarbons, 
still more preferably heptanes, and particularly preferably heptane), with water. On that occasion, the reaction is pref- 
erably carried out generally at pH of not higher than 7, preferably at pH 3 to 7, more preferably at pH 3 to 6, from the 

30 viewpoint of yield, etc. The pH can be adjusted using an acid (e.g. an Inorganic acid such as hydrochloric acid or sulfuric 
acid) or a base (e.g. an alkali metal hydroxide such as sodium hydroxide). 

[0080] In the reduction using hyposulfurous acid or a salt thereof, the amount of water is not particulariy restricted 
but may be an amount of water such that an appropriate amount of the reducing agent, namely hyposulfurous acid or 
a salt thereof, can be dissolved therein. Thus, for example, it is advisable that the amount of the hyposulfurous acid 

35 or a salt be adjusted generally to not more than 30 w/w%, and preferably not more than 20 w/w%, relative to the weight 
of water From the productivity viewpoint, among others. It is advisable that the amount be adjusted generally to not 
less than 1 w/w%, preferably not less than 5 w/w%, and more preferably not less than 10 w/w%. 
[0081] The reduction using the ascoriDic acid or a related compound thereof mentioned above may be preferably 
carried out using a solvent especially highly miscible with water as selected from among the above-mentioned hydro- 

40 carbons, fatty acid esters, ethers, and nitriles, In particular ethers and nitriles, which are highly miscible with water, and 
more specifically tetrahydrofuran, dioxane, acetonitrile or the like. But it is particularly preferable to use the alcohol 
and/or ketone mentioned above used in crystallization method of the present invention (preferably an alcohol and/or 
ketone having high miscibilitywithwater (specifically, asanalcohol, amonohydric or a dihydric (preferably monohydric) 
alcohol containing 1 to 5 cartaon atoms, preferably containing 1 to 4 cartDon atoms, and more preferably containing 1 

45 to 3 cari3on atoms, and as a ketone, acetone, methyl ethyl ketone, etc,)). 

[0082] In the reduction using the ascorbic acid or a related compound thereof, from the viewpoint of reaction pro- 
motion (e.g. reaction temperature lowering or reaction lime shortening), it is possible to carry out the reduction in the 
presence of an additive having a reaction promoting effect, such as a basic substance or a hydrogensulfite salt. 
[0083] The basic substance is not particulariy restricted but may be either an inorganic compound or an organic 

50 compound. The inorganic compound is not particularly restricted but includes, among others, the hydroxides, carbon- 
ates, and hydrogencarbonates of metals (preferably alkali metals, alkaline earth metals, and the like) , and ammonia. 
As typical examples thereof, there may be mentioned alkali metal hydroxides such as sodium hydroxide, alkali metal 
carbonates such as sodium carbonate, alkali metal hydrogencarbonates such as sodium hydrogencart^onate, and 
alkaline earth metal carbonates such as magnesium carbonate. The organic compound is not particularly restricted 

55 but includes, among others, amines such as triethylamine. Among the basic substances specifically mentioned above, 
weakly basic substances (weak bases or weak alkalis) such as the carbonates and hydrogencariaonates of metals 
(preferablyalkaiimetals, alkallneearthmetals, etc.), ammonia, and like inorganic compounds; amines such as triethyl- 
amine, and like organic compounds are preferably used. More prefen-ed are the weakly basic inorganic compounds 
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mentioned above. 

[0084] Preferred as the hydrogensulfite are. for example, alkali metal hydrogensulfltes such as sodium hydrogen- 
sutfite. 

[0085] The amount of the additive mentioned above is not particularly restricted but may be such that the reaction 

5 promoting effect of the additive can be produced to a desired extent (effective amount). From the economical viewpoint, 
however, the amount is generally not more than 20 moles, preferably not more than 10 moles, more preferably not 
more than 5 moles, and still more preferably not more than 2 moles, per mole of the ascorbic acid or a related compound 
thereof. The lower limit is not particularly restricted but, generally, it is not less than 0.01 moles, preferably not less 
than 0.05 moles, more preferably not less than 0.1 nnoles, and still more preferably not less than 0.2 moles, per mole 

10 of the ascorbic acid or a related compound thereof. 

[0086] The reduction reaction described in the present invention is preferably carried out under forced flowing. The 
power required for stirring to cause such flowing per unit volume is generally not less than about 0.01 kW/m^, preferably 
not less than about 0,1 kW/m^, and more preferably not less than about 0.3 kW/m^. The above forced flowing is 
generally caused by the turning of a stirring blade(s). The use of a stinging blade (s) is not always necessary if the above 

15 flowing can be othenwise obtained. For example, a method based on liquid circulation may be utilized. 

[0087] The reduction temperature may vary depending on the reducing agent species and/or amount, hence cannot 
be absolutely specified. In the reduction using hyposulf urous acid or a salt thereof, for instance, the reduction is gen- 
erally carried out at 100**C or below^ preferably at 80**C or below, more preferably at 60°C or below. The lower limit is 
the solidification temperature of the system. Thus, the reduction can be favorably carried out generally at about 0 to 

20 1 00**C, preferably at about 0 to 80*C, more preferably at about 0 to SO^C. In the reduction using ascorbic acid or a 
related compound thereof, the reduction is carried out generally at SO^C or higher, preferably at 40**C or higher, more 
preferably at 50°C or higher. The upper limit is the boiling point of the system. Thus, the reduction can be favorably 
carried out generally at about 30 to 150*»C, preferably about 40 to 120°C, and more preferably at about 50 to 100*»C. 
[0088] The reaction concentration is not particularly restricted but the weight of oxidized coenzyme Q.,q relative to 

25 the solvent weight is generally not less than about 1 w/w%, preferably not less than 3 w/w %, more preferably not less 
than 1 0 w/w%, and still more preferably not less than 1 5 w/w7o. The upper limit is not particularly restricted but generally 
is not higher than about 60 w/w%, preferably not higher than 50 w/w%, more preferably not higher than 40 w/w%, and 
still more preferably not higherthan 30 w/w%. Thus, the reaction can be favorably carried out at a reaction concentration 
of about 1 to 60 w/w%, preferably about 3 to 50 w/w%, and more preferably about 10 to 40 w/w%. 

30 [0089] The reduction reaction time may vary depending on the reducing agent species and/or the amount thereof, 
hence cannot be absolutely specified. Generally, however, the reaction can be driven to completion within 48 hours, 
preferably within 24 hours, more preferablywithin 10 hours, and still more preferably within 5 hours. 
[0090] It is exceedingly preferable to cany out the reduction reaction in a deoxygenated atmosphere. Surprisingly, 
It was found that, in the reduction reaction using hyposulfurous acid or a salt thereof, in particular, such atmosphere 

35 greatly contributes to an improvement in reduction reaction yield and a reduction in reducing agent amount. The de- 
oxygenated atmosphere can be attained by substitution with an inert gas, pressure reduction, boiling, or a combination 
of these. It is preferable to carry out at least the substitution with an inert gas. namely to use an inert gas atmosphere. 
As the inert gas, there maybe mentioned, for example, nitrogen gas, helium gas, argon gas, hydrogen gas, and carbon 
dioxide gas. Nitrogen gas is preferred, however. 

40 [0091 ] An organic phase containing the product reduced coenzyme Q^o is recovered from the thus-obtained reduction 
reaction mixture and, if necessary (preferably), the organic phase is further washed repeatedly using water, brine or 
the like to achieve complete contaminant elimination, followed by carrying out solvent substitution with an alcohol and/ 
or a ketone to give a solution for the above-mentioned crystallization. 

[0092] In view of the protection from oxidation, it is preferable to carrying out solvent substitution of the solution 
45 prepared by dissolving reduced coenzyme Q^q \east one species of solvents selected from hydrocarbons, fatty 
acid esters, ethers and nitriles with an alcohol and/or a ketone. 

[0093] Particularly, when the hyposulfurous acid or a salt thereof mentioned above, such as sodium hyposulfite, is 
used as the reducing agent, it is desirable to repeat washing with water so that contaminants derived from the hypo- 
sulfurous acid or salt thereof may be removed completely and/or the pH of the aqueous phase may be stabilized. 

50 [0094] Moreover, as describedabove, when the reduction is carried out with ascorbic acid or a related compound 
thereof using the alcohol and/or ketone used in the crystallization method of the present invention (preferably, an 
alcohol and/or a ketone having high miscibility with water (specifically, as an alcohol, a monohydric or dihydric alcohol 
(preferably monohydric) containing 1 to 5 carbon atoms, preferably 1 to 4 carbon atoms, and more preferably 1 to 3 
carbon atoms, and as ketones, acetone, methyl ethyl ketone, etc.), it is quite convenient and efficient to crystallize 

55 reduced coenzyme Q^q directly from a reduction reaction solution (direct isolation method (one-pot method)) according 
to the above-mentioned crystallization method. In that case, it is preferable to crystallize reduced coenzyme Q^q by 
cooling, concentrating, or poor solvent-addition (preferably water addition), more preferably by cooling or concentrating, 
and still more preferably by cooling, after canying out the reduction reaction in the above-mentioned method. In addition. 



9 

BNSDOCID: <EP 1415970A1J_> 



EP 1 415 970 A1 



the solvent to be used in the reduction reaction is not particularly restricted in this case, but preferably a solvent com- 
prising the above alcohol and/or ketone as a main component(s). u . ca / o/ 

[00951 Generally, the ratio of the above-mentioned alcohol and/or ketone in the solvent is about 50 w/w A or more, 
preferably about 60 w/vv% or more and rnore preferably about 70 w/w% or nriore in view of the reac^^^^^^^^ 
5 yield Butinconsideringtheappllcationtothefollowingcrystallization.itisstlllrnorepreferablyabout80w/w%ormore, 

particularly preferably about 90 wM% or more and most preferably about 93 w/w% or more. 

fo096] When water is combinedly used at the time of reaction, the lower limit of the rat.o of the above-mentioned 
alcohols and/or ketones in the solvent is about 90 w/w% or more, preferably about 91 w/w% or more^more preferably 
about 92 w/w% or more, and still more preferably about 93 w/w % or more. The upper limit ,s 99.5 w/w% oM^^^ 

10 preferably about 99 w/w% or less, more preferably about 98 w/w% or less, and st.ll more preferably about 97 w/w% 
or less The range between 93 w/w % and 97 w/w% is most preferable. ^ • ^ -.t. 

r0097l' In accordance with the present invention, a high-quality reduced coenzyme Q^o cn'stal may be obtained wi h 
excellent workability and economical efficiency. The crystals of reduced coenzyme Q^o as obtained m «.«=°^da!ic^r^^^^^ 
the present invention can be expected to have a reduced coenzyme Qio/oxidized coenzyme Qio weight ratio of not 

15 lower than 96/4. preferably not lower than 98/2, more preferably not lower than 99/1 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[00981 The following examples illustrate the present invention in further detail. These examples are, however, by no 
20 means limitative of the scope of the present invention. In the examples, the purity of reduced '>°«".^y'"^ Qio;"2'^J 
reduced coenzyme Q,c/oxidized coenzyme Q,o weight ratio were determined by the HPLC ana ys.s ^P-<=;- JJ'^^^^ 
The reduced coenzyme Q,o purity values as detemnined. however, are by no means indK:at.ve of the l.m.t P"^ value 
attainable in accordance with the present invention. Likewise, the reduced coenzyme Q^o/oxid.zed coenzyme Q^o 
weight ratio values obtained never indicate the upper limit to that ratio. 



25 



(HPLC conditions) 

[0099] column: SYMMETRY C1 8 (product of Waters). 250 mm (in length). 4.6 mm (In inside diameter); mobile phase: 
C2HsOH:CH30H = 4:3 (v/v); detection wavelength: 210 nm; flow rate: 1 ml/min; retention time of reduced coenzyme 
30 Q,(,: 9.1 min; retention time of oxidized coenzyme Qio: 1 3.3 min. 

(Example 1) 

[01001 Oxidized coenzyme Q^o d 00 g; containing 0.40% of oxidized coenzyme Qg, purity 99.4%) was dissolved in 
35 000 g of heptane at 25"C. While stirring (power required for stirring: 0.3 kW/m3 ) X^frLtrw^^oradu^J 
dissolving 100 g of sodium hyposulfite (purity: at least 75%). as the reducing agent, m 1000 '"I ^^^^^^ 9;^^"^"^ 
added and the reduction reaction was carried out at 25»C and at pH 4 to 6. After the lapse of 2 hours, the aqueous 
^hSe was Amoved from the reaction mixture, and the heptane phase was washed 6 times wfth 1000 9 o* deae^^^^^ 
saturated brine. All the above operations were carried out in a nitrogen atmosphere. This heptane phase was subjected 
40 to solvent substitution under reducedpressure to prepare a 7% (w/w) ethanol solution of ^^^^^^^^^^'ll'i^^ f 

50°C was prepared (containing 1 00 g of reduced coenzyme Q,o (containing 0.40% of '^'>^''°^'''^^^°^]-^2 . 
over the sSutLwaUooledto2»Cat cooling rateof10°C/hourwhilestirringinanitrogen atmosphere (powerrequired 

for stirring 0.3 kW/m3) to precipitate a cn^stal. The slurry showed good fluidity andwas easilybrushed away from a 
crystallization container. The obtained slurry was filtered under reduced pressure and the wet ^l^^^^^^^^^^^f^ 

45 in sequence with cold ethanol, cold water and cold ethanol (the cold solvents used for washing ^^f^'^S « ^^"^P^ J"^^ 
of 2°C) The wet crystals were further dried under reduced pressure (20-40-C. 1 -30 mmHg) to give 95 g o whi e dry 
crystals (containing 0.19% of reduced coenzyme Qg. percentage of elimination: 53%) (isolated P^°d"=t yie^d: 95 
mde%). The reduced coenzyme Q,o/oxidized coenzyme Q,o weight ratio of the crystals ^^fJ^^J"^' 
the purity of the reduced coenzyme Q,o was 99.0%. The siuny was filtered using a 20 cm-diame er Nutsche funnel 

50 with a filter spread thereon and depressurized by an aspirator. The time required for filtration was 12 minutes. 

(Example 2) 

roiOll A series of operations from the reduction reaction to washing wrth water was carried out under the same 
55 condi/ions as in Example 1 to obtain a heptane solution of reduced coenzyme Q,o ^'''''''^''^^'''^J^''^ 

zvme (containing 0.40% of reduced coenzyme Qg)). This heptane solution was subjected to solvent substrtu ion 
under°educed pressure to prepare a 7% (w/w) 2-propanol solution of reduced coenzyme Q,o at 50»C. This solution 
was cooled to 2°C at cooling rate of 10°C/hour while stirring in a nitrogen atmosphere to precipitate a crystal. The 
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slurry showed good fluidity and was easily brushed away from a crystallization container The obtained slurry was 
filtered under reduced pressure (filterabllity was good same as in Example 1). and the wet crystals were washed in 
sequence with cold 2-propanol, cold water and cold 2-propanol (the cold solvents used for washing having a temper- 
ature of 2''C). Furthermore, the wet crystal was dried under reduced pressure (20-40*C, 1-30 mmHg) to obtain 94 g 
5 of white dry crystals (containing 0.20% of reduced coenzyme Og, percentage of elimination: 50%) (isolated product 
yield: 94 mol%). The reduced coenzyme Q^/oxidized coenzyme Q,o weight ratio of the crystals obtained was 99.3/0.7, 
and the purity of the reduced coenzymeQio was 99.0%. 

(Example 3) 

10 

[0102] Oxidized coenzyme O^q (100 g; containing 0.40% of oxidized coenzyme Qg, purity 99.4%) was dissolved in 
1000 g of hexane at While stirring (power required for stirring 0.3 kW/m^), an aqueous solution prepared by 

dissolving 100 g of sodium hyposulfite (purity: at least 75%) in 1000 ml of water was gradually added as a reducing 
agent to carry out the reduction reaction at 25^0 and at pH of 4 to 6. After the lapse of 2 hours, an aqueous phase 

15 was removed from a reaction solution, and further a hexane phase was washed for 6 times with 1000 g of deaerated 
saturated brine. This hexane phase was subjected to solvent substitution under reduced pressure to prepare a 7% (w/ 
w) acetone solution of reduced coenzyme O^q at 50°C (containing 1 00 g of reduced coenzyme Q^q (containing 0.40% 
of reduced coenzyme Qg)). This solution was cooled to 2**C at cooling rale of 10°C/hour while stirring in a nitrogen 
atmosphere (power required for stirring 0.3 kW/m^) to precipitate a crystal. The slurry showed good fluidity and was 

20 easily brushed away from a crystallization container. The obtained slurry was filtered under reduced pressure (fiitera- 
bility was good same as in Example 1 ). The wet crystals were washed in sequence with cold acetone, cold water and 
cold acetone (the cold solvents used for washing having a temperature of 2°C). Furthermore, the wet crystal was dried 
under reduced pressure (20-40*'C, 1-30 mmHg) to obtain 93 g of white dry crystals (containing 0.21% of reduced 
coenzyme Qg, percentage of elimination: 48%) (isolatedproduct yield: 93 mol%). The reduced coenzyme Q.,o /oxidized 

25 coenzyme Q^q weight ratio of the crystals obtained was 99.2/0.8, and the purity of the reduced coenzymeQ^o was 
98.9%. 

(Example 4) 

30 [0103] The reduction reaction was carried out under the same condition as in Example 1 , and further solvent sub- 
stitution was carried out to prepare a 7% (w/w) ethanol solution at 50°C (containing 100 g of reduced coenzyme Q^o 
(containing 0.40% of reduced coenzyme Qg)). This ethanol solution was added with 50 g of water and cooled to 2°C 
at cooling rate of 10°C/hour while stirring in a nitrogen atmosphere to precipitate a crystal. The slurry showed good 
fluidity and was easily brushed away from a crystallization container. All the above operations were carried out in a 

35 nitrogen atmosphere. The obtained slurry was filtered under reduced pressure (filterabllity was excellent as compared 
with Example 1), and the wet crystals were washed in sequence with cold ethanol, cold water and cold ethanol (the 
cold solvents used for washing having a temperature of 2*»C). Furthemiore, the wet crystal was dried under reduced 
pressure (20-40°C, 1-30 mmHg) to obtain 97 g of white dry crystals (containing 0.21% of reduced coenzyme Qg, 
percentage of elimination: 48%) (isolated product yield: 97 mol%). The reduced coenzyme Q^q /oxidized coenzyme 

40 Q^Q weight ratio of the crystals obtained was 99.2/0.8, and the purity of the reduced coenzymeQ^o was 98.9%. 

(Example 5) 

[01 04] Oxidized coenzyme Q^q (1 00 g; purity 99.4%) was dissolved in 1 000 g of ethyl acetate at 25°C. While stirring 
43 (power required for stirring 0.3 kW/m^), an aqueous solution prepared by dissolving 1 00 g of sodium hyposulfite (purity: 
at least 75%) In 1000 ml of water was gradually added as a reducing agent to carry out the reduction reaction at 25**C 
and at pH of 4 to 6. After the lapse of 2 hours, an aqueous phase was removed from the reaction solution, and an ethyl 
acetate phase was washed with 1000 g of deaerated saturated brine for 6 times. This ethyl acetate phase was con- 
centrated at 48°C from 1100 g to 300 g under reduced pressure, and 1100 g of ethanol and 50 g of water were add- 
50 edwhilemaintaining this temperature in a nitrogen atmosphere. After that, the mixture was cooled to 2**C at cooling 
rate of 1 0^C/hour while stirring (power required for stirring 0.3 kW/m^) to precipitate a crystal. The slurry showed good 
fluidity and was easily brushed away from a crystallization container. The obtained slurry was filtered under reduced 
pressure (filterabllity was excellent as compared with Example 1). The wet crystals were washed in sequence with 
cold ethanol, cold water and cold ethanol (the cold solvents used for washing having a temperature of 2^C). Further- 
55 more, the wet crystal was dried under reduced pressure (20-40*'C, 1-30 mmHg) to obtain 91 g of white dry crystals 
(isolated product yield: 91 mol%). The reduced coenzyme Q^q /oxidized coenzyme Q^o weight ratio of the crystals 
obtained was 99.1/0.9, and the purity of the reduced coenzymeO^o was 98.8%. 
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(Example 6) 

[0105] Oxidized coenzyme Q^o d 00 g; purity 99.4%) was dissoK^ed in 1 000 g of heptane at 25=C. To this mixture, 
1100 g of 2.9 N sulfuric acid and 15 g of zinc powder were added, and the reduction reaction was earned out at 25 C 

5 for 6 hours while stirring (power required for stirring 0.3 kW/m3). After adding 1 000 g of concentrated hydrochlonc acid 
an aqueous phase was removed from the reaction solution and a heptane phase was washed with 1 000 g of deaerated 
saturated brine for 6 times. All the above operations were carried out in a nitrogen atmosphere. This heptane phase 
was subjected to solvent substitution under reduced pressure to prepare a 7% (w/w) ethanol solution of reduced coen- 
zyme Qin at 50°C Moreover, the solution was cooled to 2°C at cooling rate of 1 0°C/hour while stirnng in a nitrogen 

10 atmosphere (power required for stirring 0.3 kW/m3) to precipitate a crystal. The slurry showed good fluidity and was 
easilybrushed away from a crystallization container The obtained slurry was filtered under reduced pressure (filterability 
was good same as in Example 1) , and the wet crystals were washed in sequence with cold ethanol. cold water and 
cold ethanol (the cold solvents used for washing having a temperature of 2-0). Furthermore, the wet crystal «.as dried 
under reduced pressure (20-40°C, 1 -30 mmHg) to obtain 95 g of white dry crystals (isolated product yield: 95 mol /o). 

75 The reduced coenzyme 0,0 /oxidized coenzyme Q^o weight ratio of the crystals obtained was 99.3/0.7, and the purity 
of the reduced coenzymeQiQ was 99.0%. 

(Comparative Example 1 ) 

20 [0106] A heptane phase (containing 0.40% of reduced coenzyme Qg, purity 99.4%) containing 100 g of reduced 
coenzyme Q.o washed with saturated brine was obtained in the same manner as Example 1 . This heptane phase was 
cooled from 50°C to 2"C at cooling rate of 1 CC/hour while stirring (power required for stirring 0. 3 kW/mS) to precipitate 
a crystal The obtained slurry showed poor fluidity and was difficult to brush away from a crystallization container as 
compared with Example 1. All the above operations were carried out in a nitrogen atmosphere. The obtained slurry 

25 was filtered under reduced pressure, and the wet crystals were washed in sequence with cold heptane, cold ethanol, 
cold water, cold ethanol and cold heptane (the cold solvents used for washing having a temperature of 2°C). Further- 
more, the wet crystal was dried under reduced pressure (20-40»C. 1-30 mmHg) to obtain 93 g of white d-y ciystals 
(containing 0.29% of reduced coenzyme Q9, percentage of elimination: 28%) (isolated product yield: 93 mol /o). The 
reduced coenzyme Q,o /oxidized coenzyme Q^o weight ratio of the crystals obtained was 99.6/0.4. and the purity of 

30 the reduced coenzymeQio was 99.2%. The sluny was filtered using a 20 cm-diameter Nutsche funnel with a filter 
spread thereon and depressurized by an aspirator. The time required for filtration was 37 minutes. Moreover, the ob- 
tained crystals were obsen/ed with an optical microscope together with the crystals obtained in Examples 1 to 6. they 
were needle crystals obviously smaller than the cases of Examples 1 to 6. 

35 (Example 7) 

[0107] Oxidized coenzyme O,o (100 g; purity 99.4%) was dissolved in 1000 g of hexane at 250C. While stirring 
power required for stirring 0.3 kW/m^), an aqueous solution prepared by dissolving 40 g of sodium hyposulfite (purity: 
at least 75%) in 1 000 ml of water was gradually added as a reducing agent to carry out the reduction reaction at 25 C 

40 and pH range of 4 to 6. After the lapse of 2 hours, an aqueous phase was removed from the reaction solution, and a 
hexane phase was washed with 1 000 g of deaerated saturated brine for 6 times. All the above operations were earned 
out in a nitrogen atmosphere. This hexane phase was subjected to solvent substitution under reduced pressure to 
prepare a 7% (w/w) ethanol solution of reduced coenzyme Q,o at 50°C. Moreover, the solution was <x.oled to 2°C at 
cooling rate of 1 0'-C/hour while stirring in a nitrogen atmosphere (power required for stirring 0.3 kW/m^) to precipitate 

45 a crystal The slurry showed good fluidity and was easily brushed away from a crystallization container. The obtained 
slurry was filtered under reduced pressure, and the wet crystals were washed in sequence with cold ethanol. cold water 
and cold ethanol (the cold solvents used for washing having a temperature of 2»C). Furthermore, the wet crystal was 
dried under reduced pressure (20^0'C. 1-30 mmHg) to give 95 g of white dry ciystals (isolated product yield: 95 
mol%). The reduced coenzyme Qio/oxidized coenzyme Qio weight ratio of the crystals obtained was 99.2/0.8. and 

50 the purity of the reduced coenzymeQio was 98.9%. 

(Example 8) 

[0108] A 7% (w/w) ethanol solution of reduced coenzyme Q^o at 50°C was prepared (containing 1 .00% of reduced 
55 coenzyme Qo. 0.30% of reduced coenzyme and 0.04% of reduced coenzyme Q^) in the same manner as E'^arnpte 
1 except that the purity of oxidized coenzyme Qg used was 98.4% (containing 1 .0% of oxidized coenzyme Qg, 0.30/o 
of oxidized coenzyme Qo and 0.04% of oxidized coenzyme O7). This ethanol solution was added with 50 g of water 
and cooled to 2 "C at cooling rate of 3»ahour while stirring (power required for stirnng 0.3 kW/mS) to precipitate a 
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crystal. The slurry showed fairly good fluidity and was easily brushed away from a crystallization container. All the 
above operations were carried out in a nitrogen atmosphere. The obtained slurry was filtered under reduced pressure 
(filterability was excellent as compared with Example 1). and the wet crystals were washed in sequence with cold 
ethanol. cold water and cold ethanol (the cold solvents used for washing having a temperature of 2''C). Furthermore, 
5 the wet crystal was dried under reduced pressure (20-40°C, 1 -30mmHg) to give 95 g of white dry crystals (containing 
0.52% of reduced coenzyme Qg, removal rate was 48%; reduced coenzyme Qg and reduced coenzyme Q7 were not 
detected) (yield: 97 mol%). The reduced coenzyme Qio/oxidized coenzyme Qto weight ratio of the crystals obtained 
was 99.3/0.7, and the purity of the reduced coenzymeQ^o was 98.7%. 

10 (Example 9) 

[0109] To 1000 g of ethanol, oxidized coenzyme Q^o (^C>0 g; purity 99.4%) and 60 g of L-ascorbic acid were added, 
and the mixture solution was stirred at 78 **C to carry out the reduction reaction. After the lapse of 30 hours, the solution 
was cooled to SO^'C and added with 400 g of ethanol while maintaining this temperature. While stirring (power required 

15 for stirring 0.3 kW/m^), this ethanol solution was cooled to 2^C at cooling rate of lO^'C/hour to give white slurry. The 
slurry showed good fluidity and was easily brushed away from a crystallization container. The obtained slurry was 
filtered under reduced pressure (filterability was good same as in Example 1 ), the wet crystals were washed In sequence 
with cold ethanol, cold water and cold ethanol (the cold solvents used for washing having a temperature of 2°C). 
Furthermore, the wet crystal was dried under reduced pressure (20-40'C, 1 -30 mmHg) to give 95 g of while dry crystals 

20 (isolated product yield: 95 mol%). All the above operations were carried out in a nitrogen atmosphere. The reduced 
coenzyme Q^q /oxidized coenzyme Q^q weight ratio of the crystals obtained was 99.5/0.5, and the purity of the reduced 
coenzymeQio was 99.2%. 

(Example 10) 

25 

[0110] Oxidized coenzyme Q^q (100 g; 99.4% of purity) and 60 g of L-ascorbic acid were added to 1000 g of ethanol, 
the mixture was stirred at 78°C and subjected to the reduction reaction. After the lapse of 30 hours, the mixture was 
cooled to SO'^C and added with 330 g of ethanol and 70 g of water while maintaining this temperature. This ethanol 
solution was cooled to 2°C at cooling rate of lO^'C/hour while stirring (power required for stirring 0.3 kW/m^) to give 

30 white slurry. The slurry showed fairly good fluidity and was easily brushed away from a crystallization container The 
obtained slurry was filtered under reduced pressure (filterability was excellent as compared with Example 1 ) . The wet 
crystals were washed in sequence with cold ethanol, cold water and cold ethanol (the cold solvents used for washing 
having a temperature of 2**C). Furthennore, the wet crystal was dried under reduced pressure (20-40**C, 1 -30 mmHg) 
to give 97 g of white dry crystals (isolated product yield: 97 mol%). All the above operations were carried out in a 

35 nitrogen atmosphere. The reduced coenzyme Qio/oxidized coenzyme Q^o weight ratio of the crystals obtained was 
99.5/0.5, and the purity of the reduced coenzymeQ^o 99.2%. 

(Example 11) 

40 [0111] To 1000 g of acetone, oxidized coenzyme Q^q 9' P^^'^V 99-4%), 60 g of L-ascort3ic acid and 30 g of 
sodium bicartDonate were added, and the mixture solution was stirred at SO^C to carry out the reduction reaction. After 
the lapse of 45 hours, 400 g of acetone was addedwhilemaintalning this temperature. While stirring (power required 
for stirring 0.3 kW/m^), this acetone solution was cooled to 2*^0 at cooling rate of 10°C/hour to give white slunv. The 
slurry showed good fluidity and was easily brushed away from a crystallization container. The obtained sluny was 

45 filtered under reduced pressure (fmerabillty was good same as Example 1 ) . The wet crystals were washed in sequence 
with cold acetone, cold water and cold acetone (the cold solvents used for washing having a temperature of 2*'C). 
Furthermore, the wet crystal was dried under reduced pressure (20-40*0, 1 -30 mmHg) to give 93 g of white dry crystals 
(isolated product yield: 93 mol%). All the above operations were carried out in a nitrogen atmosphere. The reduced 
coenzyme Q^o /oxidized coenzyme Q^q weight ratio of the crystals obtainedwas 99.5/0.5, and the purity of the reduced 

50 coenzymeQio was 99.2%. 

(Reference Example 1) 

[01 12] Reduced coenzyme Q^q (1 g; the reduced coenzyme Q^Q/oxidized coenzyme Q^o weight ratio was 99.6/0.4) 
55 was dissolved in 20 g of various solvents shown in Table 1 at 25**0. In the atmosphere, the weight ratio of reduced 
coenzyme Q^q /oxidized coenzyme Q^q solutions was measured after stirring at 25*C for 24 hours. The results 
are shown in Table 1 . 
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Table 1 



10 



15 



Solvent 




Heptane 




Hexane 




Toluene 


QQ Q/1 O 
90.0/ 1 


Chloroform 


98.9/1.1 


Ethyl acetate 


98.9/1.1 


Methyl tert-butyl ether 


98.6/1 .4 


Tetrahydrofuran 


98.5/1 .5 


R: Reduced coenzyme Q^q ^ Oxidized coenzyme U^q weigni ra- 
tio 



20 



(Reference Example 2) 

[01 1 3] Reduced coenzyme Q^q (1 g: the reduced coenzyme Qio/oxldized coenzyme Q^o weight ratio was 99.6/0.4) 
was dissolved in 100 g of various solvents shown in Table 2 at 35°C. In the atmosphere, the reduced coenzyme Q^o 
/oxidized coenzyme Q^o weight ratio In the solutions was measured ^fter stirring at 35°C for 24 hours. The results are 
shown in Table 2. 



Table 2 



25 



30 



35 



Solvent 


R 


Heptane 


96.7/3.3 


Ethyl acetate 


96.4/3.6 


Acetonitrile 


96.0/4.0 


R: Reduced coenzyme Q^o / Oxidized coenzyme u^o weigni ra- 
tio 



INDUSTRIAL APPLICABILITY 

[01 1 41 The present invention, which has the constitution described above, makes it possible to obtain a high-quality 
reduced coenzyme Q^o crystal i n a convenient and efficient manner by a method excellent in workability and economical 
efficiency. 



40 



45 



50 



55 



Claims 

1. A method of producing reduced coenzyme Q^q crystals 

which comprises crystallizing reduced coenzyme Q^q in a solution of an alcohol and/or a ketone. 

2. The method according to Claim 1 , 

wherein reduced coenzyme Q-,o "s crystallized in a solution of an alcohol. 

3. The method according to Claim 1 or 2, 

wherein the alcohol is a monohydric alcohol containing 1 to 20 carbon atoms. 

4. The method according to Claim 1 or 2, 

wherein the alcohol is a monohydric alcohol containing 1 to 5 carbon atoms. 

5. The method according to Claim 4, 

wherein the monohydric alcohol containing 1 to 5 carbon atoms is ethanoL 

6. The method according to Claim 1 , 
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wherein reduced coenzyme Qio 's crystallized in a solution of a ketone. 

7. The method according to Claim 1 or 6. 

wherein the ketone is a ketone containing 3 to 6 carbon atoms. 

5 

8. The method according to Claim 7, 

wherein the ketone containing 3 to 6 carbon atoms Is acetone. 

9. The method according to any one of Claims 1 to 8, 

10 wherein the ratio of an alcohol and/or a ketone In a solvent Is at least 80 w/w%. 

10. The method according to any one of Claims 1 to 9, 

wherein water is used as an auxiliary solvent. 

15 11. The method according to Claim 10, 

wherein the ratio of an alcohol and/or a ketone in the solvent is 90 to 99.5 w/w%. 

12. The method according to any one of Claims 1 to 11 , 

wherein cryslalllzallon Is carried out In the manner of crystallization by cooling or a combination of crystalll- 
20 zation by cooling with another method of crystallization. 

13. The method according to Claim 12, 

wherein the cooling temperature In the step of crystallization Is 25*»C or less. 

25 14. The method according to Claim 12 or 13, 

wherein the cooling rate is 40*'C/hour or less. 

15. The method according to any one of Claims 1 to 14, 

wherein the crystallization concentration as expressed in terms of the weight of reduced coenzyme Q^q based 
30 on the weight of a crystallization solvent at the time of completion of crystallization is not higher than 15 w/w%. 

16. The method according to any one of Claims 1 to 15, 

wherein crystallization is carried out under forced flowing caused by a power required for stirring per unit 
volume of not weaker than 0.01 kW/m^. 

35 

17. The method according to any one of Claims 1 to 16, 

wherein a seed crystal Is added In carrying out the crystallization. 

18. The method according to any one of Claims 1 to 17 

40 wherein the crystallization is carried out In a deoxygenated atmosphere. 

19. The method according to any one of Claims 1 to 18, 

wherein an impurity is eliminated Into the mother liquor. 

45 20. The method according to Claim 19, 

wherein the impurity to be eliminated is at least one species selected from among reduced coenzyme Qg, 
reduced coenzyme Qg and reduced coenzyme Q7. 

21 . The method according to Claim 1 , 

50 wherein the solution of reduced coenzyme in an alcohol and/or a ketone is obtainable by carrying out 

solvent substitution of a solution prepared by dissolving reduced coenzyme Q^q in at least one species of solvents 
selected from hydrocarbons, fatty acid esters, ethers and nitriles with an alcohol and/or a ketone. 

22. The method according to Claim 21 , 

55 wherein the solution prepared by dissolving reduced coenzyme Q^o '^^^t one species of solvents se- 

lected from hydrocarbons, fatty acid esters, ethers and nitriles is obtainable by reducing oxidized coenzyme Q^q 
using at least one species selected from metal hydride compounds, 'iron, zinc, hyposulfurous acid or salts thereof, 
and ascorisic acid or a related compound thereof as a reducing agent together with at least one species selected 
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10 



25 



fromhydrocarbons, fatty acid esters; ethers and nitriles as a solvent. 

then recovering an organic phase containing the generated reduced coenzynne Q,o. and 
optionally further washing the organic phase with water. 

23. The method according to Claim 22, ^ . ♦ 

wherein the hyposulf urous acid or the salt thereof is used as the reducing agent. 

24. The method according to Claim 23, u o * 7 

wherein the reduction is carried out in the presence of water at pH 3 to 7. 

25. The method according to Claim 22, . ^ . 

wherein ascorbic acid or a related compound thereof is used as the reducing agent. 



26. The method according to any one of Claims 22 to 25, 
t5 wherein the reduction is carried out In a deoxygenated atmosphere. 

27 The method according to any one of Claims 1 to 20, , ^^^..^^w 

Wherein reduced coenzyme Q,o is crystallized in a solution of an alcohol and/or a ketone 0°"^^'" "S^f 
coenzyme Q,o obtainable by reducing oxidized coenzyme Q,o into reduced coenzyme Q,o a solution of an 
20 alcohol and/or ketone. 

obtainable by reducing oxidized coenzyme 0,0 into reduced coenzyme Q,o in an alcohol solution. 



29. The method according to Claim 27 or 28, 

wherein the alcohol is a monohydric alcohol contaning 1 to 20 carbon atoms. 

30. The method according to Claim 27 or 28, 

30 wherein the alcohol is a monohydric alcohol containing 1 to 5 carbon atoms. 

31. The method according to Claim 30, 

wherein the monohydric alcohol containing 1 to 5 carbon atoms is ethanol. 

obtainable by reducing oxidized coenzyme Q,o into reduced coenzyme Q,o in a ketone solution . 

33. The method according to Claim 27 or 32, 

40 wherein the ketone is a ketone containing 3 to 6 carbon atoms. 

34. The method according to Claim 33, 

wherein the ketone containing 3 to 6 carbon atoms is acetone. 

45 35. The method according to any one of Claims 27 or 34, 

wherein ascorbic acid or a related compound thereof is used as a reducing agent. 

36. The method according to Claim 35, 



netnoa accorainu lu oicimi ^o, 

wherein the reduction is carried out in the presence of a basic substance or a hydrogensulfite salt. 



50 



55 
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